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In 2021, the James Webb Space Telescope (JWST) was successfully launched and will soon provide invaluable 
observations of the universe to the very edge of time and space. Already now, the next generation of optical scientists 
and astronomers are working to bring even more capable telescopes to light. For instance, SALTUS (Single Aperture 
Large Telescope for Universe Studies) is a mid/far-infrared telescope concept utilizing a ~20-m scale inflatable 
membrane mirror. The giant space telescope’s end-to-end optical design unleashes the unprecedented photon 
collecting power of an extremely large space aperture. A series of inflatable mirror prototypes have been designed, 
manufactured, and tested by the SALTUS project team at the University of Arizona, L’Garde, and Northrop 
Grumman. High dynamic range, non-null TVAC (Thermo-vacuum) tests utilizing deflectometry confirmed the optical 
performance of the inflatable mirror under space-like conditions. We built a custom deflectometer that produced 
high resolution surface maps of inflatable optics with a repeatability of 150 nm RMS (Root Mean Square) within a 
cryogenic vacuum environment. As another architecture enabling an extremely large space telescope, primary 
mirror segmentation is a promising solution to reveal the secrets of the deep universe. The Nautilus mission utilizes 
multi-order diffraction engineered (MODE) optics to create its large primary aperture by segmenting and fusing the 
MODE lens segments. To align and co-phase the large number of lens segments, simultaneous tip-tilt metrology of 
multiple segments becomes essential for on-ground testing but also for closed-loop alignment control. By relying on 
a sinusoidal phase pattern reflecting off the segments, the tip-tilt angles of many segments can be efficiently measured 
with 0.8 µrad resolution within the monitoring camera’s field of view. Also, as the off-axis segments are not axially 
symmetric, monitoring their clocking is critical to maintain high-precision wavefront control. This approach needs 
to provide a simultaneous sensing outcome instead of segment-by-segment sequential scanning data. For a very 
large number of segments, especially, the solution must monitor multiple segments concurrently. A Polarized 
Imaging Interpreter (PI2) to simultaneously measure rotational angles of multiple objects was developed and 
experimentally verified using polarization pixelated camera. It can precisely monitor concurrent clocking motions 
of multiple targets within the monitoring camera’s field of view for various dynamic applications. These scalable 
optical metrology solutions with large dynamic range, no moving-parts, and simultaneous measurement capability 
will allow the realization of a next generation of extremely large space telescopes beyond JWST. 
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Fig. 1 (a) 1-m diameter inflatable mirror/antenna mounted inside TVAC chamber, (b) High dynamic range 

deflectometer consists of two aluminum plates allowing flexible mounting for a camera and illumination screen used for 
the inflatable mirror’s TVAC testing, (c) 14-m diameter IAE (Inflatable Antenna Experiment) system in space using large 
off-axis inflatable antenna (i.e., predecessor of SALTUS) designed/manufactured at L’Garde in 1997, (d) 1-m inflatable 

mirror/antenna unit in front of the opened vacuum chamber door after TVAC testing at the Northrop Grumman facility, (e) 
MODE lens prototype showing the multi-order diffraction engineered optical surfaces, (f) Images of multiplexed 2-

dimensional sinusoidal pattern deflected by seven hexagonal segments for simultaneous tip-tilt metrology, (g) Conceptual 
Nautilus space telescope array utilizing MODE lens technology, and (h) Four raw polarized images captured by the 

polarization pixelated camera (i.e., PCMOS) used for the concurrent determination of multiple targets’ clocking 
orientation using PI2 with natural light illumination (IL) to observe multiple targets (i.e., polarizer film) simultaneously 
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